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^<£) Carbonaceous adsorbent for removal of pyrogen and method of producing pure water using same. 

py@ A carbonaceous adsorbent to be used for the removal of a pyrogen dissolved in water is disclosed. The 
adsrobent is obtained by carbonizing porous beads of a cross-linked polymer. This adsorbent is favorably used 
|2 for the removal of endotoxin in the production of pure water from deionized water resulting from the treatment* 
tj^with ion-exchange resins. 
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Carbonaceous Adsorbent for Remove, of Pyrogen and Method of Produc.no Pure Water Using Same 



Background of the Invention : 
a. Field of the Invention: 
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b. Description of the Prior Art : 

cause abnoma. *l«a«on ol ^T'^n'SCTa^^ «^ " *Lt ""^^ 

tion of semiconductor elements has advanced to a po.nt w ^^J^^ ( J J ^ m J ^ ductof elements is 

rr^sr issrsrs - - - ~- • 

the gelling reaction of the limulus amberbocyte lysate i with ^^ n J. powdered or granulated 

HereLre. as mean, of removing pyrogenic subs^ces -J££«£^ ^ ^ 

activated carbon and the treatment using a varying S P^ 8 * * J^*^*^ to varlatlon of load of 
treatments, however, often experience leaks °f .^^"^^^l^ Japanese Patent 
pyrogenic substance and cannot be expected to give a stab to <**%J™* ^ " £ pyrZenlc substance- and 

using a filtration membrane has come to ^T^T^^inciece^e^ used, is incorporated as 
Generally, the membrane separator, ^^'^^^ StWuTwater. To be specific, this 
one element in the extremely expensive system forthe ^ l ^ c ^Z^l ramic substances as well as 

" • rs .^n^neT^s^ ^ — • 

pyrogens in large amounts through actrvatea caroon iH . rttet T, M sto^ker, a regeneration type 

awarding the water for ^ertreatmente ^ aTanT^Sr^nbrane 

mixed-bed type ionnwchange resin column, and a fittratior ' """^ ™ The mtaroor- 

or a reverse-osmosis membrane. Microorgan^^r^p^^^^^^^ ^ 
ganisms in the water under treatment, even after stenl^onof ^J^JZ^Tof the number of killed 
, particular* on the surface of a flttrtfion ^^^^^ p^^^ extent of inducing 
Microorganisms, the concentration of amlotoxjn coMt*«* ^^.^^L^ lmp aJrment of the 
early clogging of the membrane and constituting one factor for me unexpecwQ 

membrane quality. . hmthiwi above Is released from the germ- 

It is la«wn that once the pyrogen^ 

o free condition, it is highly susceptible to mkaroorgantc ^"^'^ adsorbent or other 

of endotoxin. In the circumstances, the d^mbMyof d ^^J^™ JJ*^ flndlng enthusiastic 
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and marketed under registered trademark designations of "Amberlite" 200 and IRA-938) have been 
demonstrated to produce some effect and synthetic adsorbents such as t for example, Amberlite XAD and 
activated carbons have been reported as effective, if not perfectly, in the Journal of Chemical Society of 
Japan, No. 8, pp. 1547-1553 (1973). 

Summary of the Invention ; 

An object of this invention is to provide a carbonaceous adsorbent which is capable of adsorbing 
various pyrogens dissolved in water to decrease the concentration of pyrogens to the level of substantial 
absence. 

Another object of this invention is to provide a method for the removal of endotoxin from water to the 
level of extremely low concentration. 

Further object of this invention is to provide an improved method for the removal of endotoxin which 
enables production of superpure water or ultra-superpure water suitable for various applications. 

This invention is directed to a carbonaceous adsorbent for the removal of pyrogens obtained by 
carbonizing porous beads of a cross-linked polymer. 

This invention is also directed to a method for the removal of endotoxin in the production of pure water 
from deionized water resulting from the treatment with ion-exchange resin, which method is characterized in 
that the removal of endotoxin from the deionized water is effected by the treatment with a carbonaceous 
adsorbent obtained by carbonizing and optionally further activating porous beads of a cross-linked polymer. 

t 

Brief Description of the Drawing: 

The single drawing is a graph showing the adsorption equilibria of a carbonaceous adsorbent according 
to the present invention and a conventional adsorbent. 

30 Detailed Description of the Invention : 

As the polymer for the porous beads contemplated by this invention, generally a copolymer formed of a 
monovinyl monomer and a polyvinyl monomer is most desirable. This copolymer is produced in the form of 
porous beads by subjecting the above monomers to a conventional suspension polymerization The 
copolymer formed of styrene and divinylbenzene is well-known. Naturally, even with the combination of 
other monovinyl monomer and other polyvinyl monomer, this invention can be accomplished. 

For the beads of copolymer mentioned above to acquire porosity, it is necessary that the monomers 
should be subjected to the suspension polymerization in the presence of a known additive suitable for 
impartation of porosity. As typical additives for this purpose, there can be cited solvents of a type soluble in 
40 m onomers called "precipitants" and incapable of swelling the produced copolymer, solvents of a type 
soluble in monomers called "swelling agents" and capable of swelling the produced copolymer, mixed 
solvents simultaneously containing the aforementioned swelling agents and precipitants, organic liquids of a 
type formed of such swelling agents and monovinyl linear polymers capable of forming a homogeneous 
liquid phase with the swelling agents, and insoluble macromolecules such as polyalkylene glycols which are 
<5 soluble in the monomer mixtures and inactive to the produced copolymer. The additives are not limited to 
those cited above. Any of the other known agents capable of producing porous copolymers can be naturally 
adopted. 

The porous cross-linked copolymer produced by the method described above, when necessary, may 
be sulfonated or chloromethylated and then aminated Into an ion-exchange resin. This ion-exchange resin is 
so as desirable for the purpose of this invention as the aforementioned porous copolymer. 

The porous beads of a cross-finked copolymer may be a commercially available product For example 
they may be ion-exchange resins of the aforementioned Amberlite series or various synthetic adsorbents' 
Besides, various commercially available products such as Diaion (registered trademark owned by Mitsubishi 
Chemical Industries Ltd.) and Dowex (registered trademark owned by The Dow Chemical Company) are 
55 naturally usable herein. 

The desired adsorbent is formed by subjecting the porous beads of cross-linked copolymer obtained as 
described above to a carbonizing treatment by the conventi nal method. Examples of the conventional 
method usable for the carbonization include those disclosed in the specifications of Japanese Patent Lald- 
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open Nos. 53,594/74, 50,088/78, 126.390/76. 30.799/77 and 63,691/76. The d sired carbonaceous adsorbent 
is obtained by infusibilizing porous beads of a cross-fink d polymer as with sulfuric acid, nitrogen dioxide, 
or chlorine and thermally decomposing the infusibilized porous beads at a temperatur in th rang of 
300°C to 900°C. The adsorbent obtained as described above may be used in its unmodified form. It may 
be put to use, when necessary, after it has been thoroughly activated as with steam or an aqueous zinc 
chloride solution. 

As a commercial product obtained by the method described above. Ambersorb (registered trademark 
owned by Rohm and Haas Co.) is available in the market. It can be used in working the present invention. 
This adsorbent is in the form of beads, has a low ash content, and is characterized by excelling in wear 
resistance and physical strength. Besides radical differences in physical properties, the salient difference 
between the adsorbent and commercially available powdered or granulated activated carbon resides in the 
fact that the porous beads of the cross-linked polymer retain the skeletal structure thereof intact through the 
treatments of carbonization and activation. This salient difference is believed to contribute to the wide 
difference in the capacity for adsorption of pyrogens. 

The adsorbent of this invention is used in the treatment of water for medical applications such as, for 
example, water for use in artificial internal organs, water for injection, water for surgical operations, water for 
the preparation of solutions supplied in ampoules, water for the preparation of Ringer's solution, and water 
for the preparation of physiological saline water, water for pharmaceutical products, and water for th 
production of semiconductor elements. For example, it is used in the system for production of superpure 
water by treating normally pure water to the ultimate purity, i.e. the level of substantial absence of 
pyrogens. 

The absorbent, for example, Amberiite XE series produced by Rohm and Haas Co., is in the form of 
beads, has a low ash content and i§ characterized by excelling in wear resistance and physical strength. 
These secondary characteristics have special significances in the treatment of endotoxin in pure water. 

Owing to these characteristics in addition to the capacity for effective adsorption of endotoxin, the use 
of the adsorbent permits the desired removal of endotoxin in pure water without impairing the quality of the 
water under treatment. 

The conventional activated carbon for the treatment of water had the disadvantage that it constitutes a 
warm nursery for the growth of bacteria because of its amorphousness, succumbs to disintegration because 
of its deficiency in physical strength and wear resistance, persists in the form of finely divided particles 
within the system of treatment, and consequently impairs the quality of the water under treatment. Besides 
radical differences in physical properties, the salient difference between the adsorbent and commercially 
available powdered or granulated activated carbon resides in the fact that the porous beads of the cross- 
linked polymer retain the skeletal structure thereof intact through the treatments of carbonization and 
activation. This salient difference is believed to contribute to the wide difference in the capacity for 
adsorption of endotoxin. 

The desired treatment of the deionized water with the present carbonaceous adsorbent can be 
accomplished by a method which comprises passing the deionized water through a column of a proper size 
packed with the adsorbent 

The incorporation of the method of this invention in the simplified system for the production of pure 
water is accomplished by treating with the aforementioned carbonaceous adsorbent the deionized water 
resulting from the treatment with an ton-exchange resin or the deionized water resulting from the treatment 
with activated carbon plus the treatment with an ion-exchange resin. 

The superpure water for medical use such as the water used for the preparation of solutions for 
injection containing no pyrogenic substance and the ultra-superpure water necessary for the production of 
semiconductor elements of increasingly high integration are required to fulfil the exacting standard that the 
number of live microorganisms, the source of pyrogen, should not exceed 0.02/ml. In the production of such 
superpure water or ultra-superpure water, live microorganisms are killed by the ultraviolet Oght Since the 
endotoxin is released from the killed microorganisms into the water, the treatment for the removal of 
endotoxin contemplated by the present invention is desired to be carried out after the treatment with the 
ultraviolet light and before the treatment with a regeneration type mixed-bed ion-exchange resin column or 
to be carried out before the treatment with a filtration membrane at the final step of the entire process. 

To be more specific in the production of superpure water or ultra-superpure water, the removal of 
endotoxin contemplated by the present invention can be effectively performed at a desired point between a 
water storage tank and a filtration membrane in a whole series of treatments using an ion-exchange resin 
column, the water storage tank, an ultraviolet fight sterilizer, a regeneration type mixed-bed ton-exchange 
resin column, and a filtration membrane such as an u ltrafi l trati on membrane or a reverse-osmosis * 
membrane. 
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Compared with the conventional activated carbon adsorbent, the carbonaceous adsorbent of this 
invention can be us d very simply and effectively for the production of water containing substantially no 
pyrogens. Moreover, the present carbonaceous adsorbent enables easily to produce pure (superpure or 
ultra-superpure) water containing substantially no endotoxin in a large amount 

The present invention will be described specifically below with reference to working examples. 



Example 1: 

In 1.5 liters of distilled water. 5,0 g of polyvinyl alcohol, 2 g of carboxymethyl cellulose, and 56 g of 
NaCI were dissolved. To the resultant solution, a mixture consisting of 200 g of styrene, 132 g of 
divinylbenzene (commercial product 59%). 240 g of butanol. and 1 .5 g of benzoyl peroxide was added and 
reacted under stirring at 85°C for six hours. In 500 g of 15% fuming sulfuric acid, 40 g of the porous beads 
of the cross-linked polymer obtained were sulfonated at 1lO fl C for six hours. Then they were washed first 
with HiSO* and then with water and dried. Subsequently, in N,. the sulfonated porous beads of the polymer 
were calcined at a temperature increasing rate of 300°C/hr up to 950°C. The resultant calcined porous 
beads had an apparent specific gravity of 0.5 and a pore volume of 0.6 g/'cc. The porous beads of carbon 
were activated in an atmosphere of steam at 800° C for two hours. Consequently, there was obtained a 
carbonaceous adsorbent having a surface area of 1,100 m 2 /g. 



Example 2: 

In 1 .5 liters of distilled water, 5 g of polyvinyl alcohol, 2.5 g of carboxymethyl cellulose, and 56 g of 
NaCI were dissolved. To the resultant solution, a mixture consisting of 200 g of styrene, 132 g of 
divinylbenzene (commercial product. 59%). 240 g of toluene, and 1 .5 g of benzoyl peroxide was added and 
reacted under stirring at 85 °C for six hours. In 500 g of 15% fuming sulfuric acid. 40 g of the porous beads 
of polymer consequently obtained was sulfonated at 110 9 C for six hours, washed first with sulfuric acid and 
then with water, and dried. Then, in an atmosphere of N„ the porous beads of polymer were calcined at a 
temperature increasing rate of 300°C/hr up to 950°C. They had an apparent specific gravity of 0.55 and a 
pore volume of 0.6 cc/g. The porous beads of carbon were activated in an atmosphere of steam at 800° C 
for two hours. Consequently, there was obtained a carbonaceous adsorbent having a surface area of 1 ,020 
m2/g. 



Example 3: 

The pyrogens contained in the town water stored in a feed tank installed on the roof of a five-storey 
building were tested for equilibrium concentration with respect to a carbonaceous adsorbents. Ambersorb 
XE-340, 347. and 348 and activated carbon beads (oil pitch) produced by Kureha Chemical Industry Co., 
Ltd. For comparison, the same pyrogens were tested for equilibrium concentration with respect to 
uncarbonized porous beads of cross-linked polymer adsorbent XAO-2. The results were as shown in the 
accompanying drawing. It is noted from the data that the aforementioned carbonaceous adsorbent showed a 
large capacity for adsorption in a liquid containing various salts and organic carbons of high concentrations 
as compared with the activated carbon. The pyrogen concentration was determined with a toxinometer 
made by Wako Junyaku K.K., using limulus amerbocyte lysate also made by the same company. The 
analyses of the adsorbents used and those of the water used were shown below. 
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Surface area 

(mVg) 

Pore volume 
(m 3 /g) 

Bulk density 
(g/cm 3 ) 

Particle 
diameter (mm) 



Ambersorb Kureha BAC XAD-2 

XE-340 -347 -348 MP 



374 



0.6 



0.84^ 
0.30 



20 



Ash content (%) 0.2 



345 500 



0.7 0.6 



0.84^ 
0.30 

0.16 



0.84^ 
0.30 

0.02 



1160 



0.346 0.425 0.580 0.633 



0.6 



0.59^ 
0.25 

0.01 



300 



0.64 



0.25^ 
0.85 



25 



30 
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Total organic 
carbon 

Electro- 

c onduc t i vi ty 

Free chlorine 

Chlorine ion 

Sulfate ion • 
Silica 



Analyses of town water 
1.5 rag/z Calcium 



260 MS/cm 

0.2 mg/z 
41 mg/Z 

33 mg/z 
14 mg/Z 



Sodium 



16 mg/Z 



24 mg/Z 



Number of live 0/100 mz 
microorganisms 



50 



55 



Example 4: 

A town water containing pyrogens in a concentration of 80 ng/ml was used as raw water. It was distilled 
once m a distillation kettle made of copper. Then, it was distilled In a distillation kettle made of Pyrex glass 
to produce distilled water having an electroconductivfty of 1.2 M G/cm. The distilled water emanating from 
the distillation kettle was received in a polyethylene container having an Inner volume of 20 liters and 
provided with a carbon dioxide absorption tube and left standing for two days (during which period, about 2 
(iters of the water was taken via a faucet disposed in the lower part of the container). During this standing, 
the distilled water was microorganicaiiy contaminated (150 Bve microorganisms/l 00 ml). In the water, the 
presence of pyrogens at a concentration of 1 ng/ml was detected. When fills water was passed through 
glass columns measuring 10 cm in inside diameter and 30 cm in height and severally containing 10 g each 
of Ambersorb XE-347, the carbonaceous adsorbent of Example 1 o b ta in ed by carbonizing and activating 
the macroporous synthetic polymer indicated below, and a commercially available Pittsburgh granular 
activated carbon at a space velocity (SV) of 4 (a liquid speed twice the amount of adsorbent per hour). The 
amounts of water treated until the pyrogen detection limit 0.01 ng/ml, were shown below. 
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Pittsburg 

Adsorbent granular 

Ambersorb of activated 

XE-347 Example 1 carbon 

Amount treated 20 18 4*2 
(lit) 25°C 

Amount treated 17 15 3.0 
(lit) 40°C 



75 

Example 5: 

When 50 liters of physiological saline water containing 0.9 g of sodium chloride per 100 cc of the 
sterilized water conforming with the standard of Japanese Pharmacopoeia were prepared, it was found to 

20 have been contaminated with pyrogens to a level of 0.15 ng/ml. Two halves of this saline water were 
passed through glass columns 3 cm in inside diameter severally packed with 250 ml of Pittsburg coconut 
sheel activated carbon and 250 ml of Ambersorb XE-348 at a space velocity (SV) of 20. In the physiological 
saline water passed through the Ambersorb XE-348. the pyrogen concentration was found to be below 0.01 
ng/ml. In the physiological saline water treated with the activated carbon, the pyrogen concentration was 

25 0.03 ng/ml. 



Example 6: 

To recover various proteins and nucleic acids from colon bacillus (E. Coli: IAM 1268) cell extract, the 
cell extract was each 2.5 ml (PH 5.6) in volume two glass columns 3 cm in diameter packed severally with 
100 ml of Ambersorb XE-340 and 100 ml of Tsurumi Soda (Ltd.) granular activated carbon HC-30. Then, the 
water for injection produced by Otsuka Pharmaceutical was passed through the glass columns at a space 
velocity (SV) of 1 at room temperature to effect removal of endotoxin. Consequently, there were obtained 
eluates each 200 ml in volume. The endotoxin concentrations in these eluates were as follows: 



Endotoxin concentration 

Raw liquid 4x10 5 

(ng/2*5 ml of cell extract) 

Eluate from <0.01 (rag/ml) 

Ambersorb XE-3 40 

45 

Eluate from Tsurumi 0*5 (mg/ml) 

Soda granular 
activated carbon 



Example 7: 

A system intended for the production of deionized water from town water as the raw material and 
composed of a column of granular activated carbon, a column of gel type cation-exchange resin, a column 
of gel type anion-exchange resin, and a column of mbced-bed type ion-exchange resin in the form of porous 
beads of cross-linked polym r was int rmlttently operated by feeding about 100 liters of th town water 
over a duration of about four hours per cycl . After this operation was continued for about two weeks, the 
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endotoxin began to leak in the deionized water at an average I vel of 1.5 ng/ml. 

Then, the gel type cation-and anion-exchange resins were regenerated by the conventional method. 
After this regeneration, th passage of the town water through the system was started again. In this 
operation, the endotoxin began to leak in the deionized water at a higher level than before on the second 
5 day of the operation. 

When the entire system was searched in an effort to find the cause for the leak, the bed of granular 
activated carbon in the column was found to be acting as a warm pursery for the growth of bacteria So, the 
pipe for supply of the town water was replaced with three pipes adapted to pass an equal amount of water. 
The first pipe was fitted with a column packed with 300 g of Ambersorb XE-347, the second pipe a column 
w packed with 300 g of Pittsburg granular activated carbon produced by Calgon Corp.. and the third pipe a 
column packed with 300 g of Amberltte XAD-2, i.e. uncarbonized porous beads of cross-linked polymer 
respectively before the supply of the town water was started. 

The amounts of the town water treated before the endotoxin detection limit, 0.01 ng/ml, were shown 
below. 

is 



20 



Ambersorb Pittsburg granular 

XE-347 activated carbon XAD-2 

Amount treated 120Q 54Q 6QQ 



25 Example 8: 

In a small laboratory-grade system intended for the production of pure water from town water as the 
raw material and adapted to pass the town water through a column of granular activated carbon , a column 
of gel type cation-exchange resin, a column of anion-exchange resin, and a column of mixed-bed type ion- 

30 exchange resin in the form of porous beads of cross-linked polymer, store 200 liters of the treated town 
water in a feed tank (the section of the deionized water production system on the raw water side was 
automatically actuated so as to allow the feed tank to keep 200 liters of the water at ail times), forward the 
water from the feed tank through an ultraviolet light sterilizer, a regeneration type mixed-bed ion-exchange 
resin column, and an uitraflttration membrane to the point of actual use (faucet), and return the unused 

35 water to the feed tank* collection of the treated water was continued (about 100 liters of water of a purity of 
18.2 MQ.cm per day). After one week of this operation, the water was taken as a sample from a sampHng 
point located between the regeneration type mixed-bed ion-exchange resin column and the ultrafiltration 
membrane and analyzed. The sample was found to contain endotoxin in a concentration of 0.5 ng/ml. 

So, a column packed with 500 g of Ambersob XE-340 was inserted in the system behind the ultraviolet 

40 light sterilizer, the endotoxin level within the system was below the detection limit (0.01 ng/ml) even after 
nine days' passage of the town water. When the same amount of beads of activated carbon, BAOMP, 
produced by Kureha Chemical Industry Co., Ltd. were used in the place of Ambersorb XE-340, leakage of 
endotoxin began to occur on the fourth day of the passage of the town water. 



45 

Example 9: 



A system intended for the production of deionized water from town water as the raw material and 
composed of a column of granular activated carbon, a column of get type cation exchange resin, a column 
so of gel type of anion-exchange resin, and a column of mixed-bed type ion-exchange resin in the form of 
porous beads of crossiinked copolymer was intermittentiy operated by feeding about 100 liters of the town 
water over a duration of about two hours, the endotoxin began to leak in the deionized water at an average 
level of 1.5 ng/ml. 

Then, the pipe for supply of the town water was replaced with three pipes adopted to pass an equal 
55 amount of water. The first pipe was fitted with a column packed with 100 g of Ambersorb XE-347, the 
second pipe a column packed with a miture of 50 g of a carbonaceous adsorbent mad by carbonizing a 
synthetic adsorbent and 50 g of a carbonaceous adsorbent made by carbonizing and activating a synthetic 
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adsorbent and the third pipe a column packed with 100 g of an uncarbonized porous synthetic polymer for 
comparison, respectively before the supply of the town water was started. 

The amounts of the town water treated before the endotoxin detection limit, 0.01 ng/ml. was shown as 
below.. 

5 (1) Ambersorb XE-347 1250 t 

(2) Carbonaceous Adsorbent (carbonized adsorbent ♦ carbonized and activated adsorbent) 1180 i 

I 

(3) Porous synthetic polymer 580 I 

The preparation method of the carbonaceous adsorbent is shown below. ' 

ro The porous synthetic polymer (3) was obtained by dissolving 5.0 g of polyvinylalcohol, 2 g of 
carboxymethyl cellulose and 56 g of NaCI in 1.5 I of distilled water, adding a mixture of 200 g of styr ne, 
132 g of divinylbenzene (purity: 59%), 240 g of butanol. and 1.5 g of benzoyl peroxide, and reacting the 
resultant mixture for 6 hours at 85°C under stirring. 

Then, 250 g of the porous crosslinked polymer was sulfonated in 3100 g of fuming sulfuric acid for 8 

rs hours at 110°C. The polymer was washed with water after washed with sulfuric acid, and then was dried. 
The carbonaceous adsorbent (2), 0.5 g/cc of density, and 0.6 g/cc of pore volume, was obtained by 
carbonizing the sulfonated polymer until 950°C at 300°C/hour in a rise in temperature in N, gas. A part of 
the carbonaceous adsorbent produced was activated with steam for 2 hours at 800°C. The adsorbent 
activated had 1100 m 2 /g of the surface area, 

20 

Claims 

1 . A carbonaceous adsorbent to be used for removing pyrogens dissolved in water, which adsorbent is 
25 produced by carbonizing porous beads of a cross-linked polymer. 

2. An adsorbent as claimed in Claim 1 wherein the porous beads are infusibilized prior to being 
carbonized. 

3. An adsorbent as claimed in Claim 1 wherein the cross-finked polymer is a copolymer of a monovinyl 
monomer and a polyvinyl monomer. 

30 4. An adsorbent as claimed in Claim 1 wherein the cross-linked polymer is a styrene-divinylbenzene 
copolymer. 

5. An adsorbent as claimed in Claim 4 wherein the copolymer is further subjected to sulfonation, 
chloromethytation or chloromethylation and then amination. 

6. A method for the removal of a pyrogen dissolved in water comprising contacting the water with a 
as carbonaceous adsorbent as claimed in Claim 1 . 

7. A method for the removal of endoxin in the production of pure water from the starting water 
deionized with ion-exchange resins, which comprises bringing the starting water into contact with a 
carbonaceous adsorbent obtained by carbonizing porous beads of a cross-linked polymer. 

8. A method as claimed in Claim 7 wherein the porous beads are infusibilized prior to being carbonized. 
40 9. A method as claimed in Claim 7 wherein the adsorbent is activated with steam or an aqueous zinc 

chloride solution. 

10. A method as claimed in Claim 7 wherein the adsorbent is obtained by carbonizing porous beads of 
a cross-linked copolymer of styrene and divinylbenzene or carbonizing these porous beads and then 
activating the resulting carbonization product 

45 1 1. In a process for producing superpure water or ultra-superpure water including passing water through 
a series of subsequent steps of ion-exchanging, water storaging, sterilizing with ultraviolet tight ion- 
exchanging with a regeneration type mixed-bed ion-exchange resin, filtering with a ultrafiltration membrane 
or a reverse-osmosis membrane, the improvement which comprises bringing the water between the water * 
storaging step and the Uttering step into contact with a carbonaceous adsorbent obtained by carbonizing 

so porous beads of a cross-linked polymer. i 
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EQUILIBRIUM CONCENTRATION (ng/ml) at 25°C 
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@ Carbonaceous adsorbent for removal of pyrogen and method of producing pure water using same. 

@ A carbonaceous adsorbent to be used for the removal of a 
pyrogen dissolved in water is disclosed. The adsrobent is 
obtained by carbonizing porous beads of a cross-linked 
polymer. This adsorbent is favorably used for the removal of 
endotoxin in the production of pure water from deionized water 
resulting from the treatment with ion-exchange resins. 
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